For a number of years we have been interested in the metabolism of the members of the genus Neisseria. During the course of these investigations a study of Neisseria catarrhalis was undertaken. The particular strain used, no. 18, was demonstrated (Randles and Orgel, 1949) to be capable of using acetate and lactate very readily as the sole organic carbon sources in a synthetic medium. Glutamate supported only very meager growth when used as the sole carbon source, and glucose did not support growth. This ability to grow on these carbon sources correlated with the ability of N. catarrhalis no. 18 to oxidize them. Since carbohydrates were not oxidized and glutamate, as a representative amino acid, was oxidized only slowly, it was logical to determine the activity of the organism on fatty acids. This paper is a report on the ability of N. catarrhalis to oxidize a series of fatty acids' and on certain evidence related to the mechanisms involved in these oxidations. The mechanisms involved in the oxidation of the longer chain fatty acids by bacteria have not been elucidated, although Bornstein and Barker (1948) have presented convincing evidence regarding the synthesis of certain fatty acids by C(lostridium kluyveri. In animal tissues good evidence for the theory of ,8-oxidation has been obtained (see Green, 1949) .
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METHODS
The results reported in this paper were obtained by Warburg's "direct method" for oxygen uptake, essentially as given by Umbreit et al. (1949) . The total fluid volume of each vessel was 1.7 ml and included 0.5 ml 0.067 M phosphate buffer at pH 7.4, 0.5 ml of a suitably diluted suspension of the organisms, 0.2 ml 10 per cent KOH with a folded square of filter paper in' the center well, 0.1 ml 0.02 M substrate (2 jumoles), and 0.4 ml distilled water in the side arm unless otherwise noted.
The acid substrates were obtained from either Eimer and Amend or Eastman Kodak and were neutralized with NaOH before use. The temperature of the experiments was 37 C.
The organi were grown for 24 hours, unless otherwise noted, on either nutrient agar or in a shallow layer (2 cm) of nutrient broth. They were either washed from the agar surface with distilled water or centrifuged from the broth medium, and washed three times with distilled water by centrifuging. They were finally suspended in distilled water of sufficient quantity to give a reading of approximately 200 in the Klett-Summerson photoelectric colorimeter with a blue filter when diluted 1 to 10. Such suspensions of N. catarrhalis no. 18 maintained their activity practically unchanged for at least 3 weeks when stored in the refrigerator. No significant difference was observed between cells produced on nutrient agar or in nutrient broth.
The organism used in the experiments reported here, and designated N. catarrhalis no. 18, was an isolate from a culture of N. catarrhalis obtained from Prof. T. J. Murray at Rutgers University. This isolation was necessary since our first work on growth requirements with the original culture gave quantitatively variable results. A culture recently obtained from the American Type Culture Collection, N. catarrhalis no. 7900, seemed to act on the fatty acids in the same way as N. catarrhalis no. 18. Thus, the results reported here for the latter strain do not seem to be atypical for this species.
In preparing the graphs of the particu2lar experiments reported, the endogenous controls have been included since they seemed significant in the interpretation of the results. The degree of oxidation was obtained by subtracting the 02 uptake of the endogenous from that of the substrate when the rates of the two had become essentially the same. This value was then divided by the 0s uptake that would be expected for the complete oxidation of 2 ;Mmoles of that particular substrate. This was converted to percentage of theoretical oxidation by multiplying by 100.
RESULTS
Preliminary experiments were made with members of the straight-chain saturated fatty acid series from formate through laurate with the exception of the 9-and 11-carbon fatty acids. Of this series, only formate was not oxidized. Propionate differed from the rest by being oxidized at a much slower rate. These experiments were run with 10 ,moles of substrate per flask and hence gave only rates of oxidation.
In an attempt to get information on possible mechanisms of these oxidations, later experiments were performed with only 2 Mtmoles of substrate per flask. The use of this smaller quantity permitted following the course of oxidation to completion. The results given in figure 1 represent data obtained with this smaller quantity of substrate. Formate was not included in this graph since it again gave an oxygen uptake identical with the endogenous control. Valerate and caproate were not included in this particular experiment.
With regard to the even-numbered fatty acids, there was a very uniform behavior from acetate through laurate both with regard to the rate of oxidation and the extent of oxidation. The rate seemed to increase slightly with increasing chain length. The extent of oxidation varied only from 54 per cent of the theoretical value for complete oxidation of butyrate to 66 per cent of the theoretical value for complete oxidation of laurate.
Crotonate was included in this experiment to see whether it could be a possible intermediate in the oxidation of butyrate. Both the rate of oxidation and the extent of oxidation, 55.5 per cent of the theoretical value for complete oxidation, indicated that it could be an intermediate.
OXIDATION OF FATTY ACIDS
Propionate fell in a somewhat different category in that it not only was oxidized at a slower rate but also was oxidized to a greater degree, 81.5 per cent of the theoretical value for complete oxidation. In the same experiment, lactate was included since it was found (Randles, 1950) It was noticed in the experiments reported here, as well as in others not reported, that the slopes of the curves for propionate were all somewhat flatter than the latter portion of the curves for odd-numbered fatty acids or for mixtures of propionate with even-numbered fatty acids. This difference was not very significant, but later experiments with preparations of cells having much lower endogenous activities showed greater differences in the slopes of these curves and provided a partial explanation for the differences. Such an experiment is illustrated in figure 3. 
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Here the curves for valerate and heptoate as compared with butyrate and caproate were similar to the types of curves previously obtained. The curve for propionate alone, however, was quite markedly flatter. When a small amount of acetate was added, the rate of oxidation of propionate increased and it stayed at a higher rate even after the small amount of acetate should have been oxidized. This curve was comparable to the portions of the curves for the odd-numbered fatty acids. In short, the acetate seemed to perform some catalytic function in propionate oxidation. Materials formed from the oxidation of odd-numbered fatty acids above propionate and materials responsible for the endogenous activity may be presumed to aet in the same way in enhancing the rate of propionate oxidation.
DISCUSSION
Previous reports (Randles and Orgel, 1949; Randles, 1950) (Randles and Orgel, 1949) . Fitting and Scherp (1950) have recently reported some data on the metabolism of glutamate by a strain of N. catahrrhalis. To the substrates attacked by this species must now be added a number of straight-chain saturated fatty acids and crotonate.
The even-numbered fatty acids studied, from acetate through laurate, showed no differences in rate or extent of oxidation that would indicate different mechanisms involved in their oxidation. This is in contrast with the report, received during the preparation of this paper, that there were at least two enzymes involved in the oxidation of compounds of the saturated fatty acid series, one specific for the short-chain and one for the long-chain fatty acids (Jezeski et al., 1950) . That work was with a Mycobacterium, a Micrococcus, and a Pseudomonas, however, and hence not necessarily contradicted by our work with N. catarrhalis.
The ability of N. catarrhalis to oxidize crotonate indicated that it could be an intermediate in the oxidation of butyrate. Thus, the evidence presented in this paper is in accord with the hypothesis that the oxidation of the even-numbered fatty acids is by a ,B-oxidation leading to acetate residues. This is in accord with the evidence from work with animal tissues (see Green, 1949) and work on the synthesis of fatty acids by Clostridium kluyveri (Bornstein and Barker, 1948) .
Similarly, the results with the odd-numbered fatty acids are in accord with the hypothesis of ,8-oxidation. The oxidation of these acids apparently led to the formation of a propionate residue that was oxidized at a quite different rate. In the case of the rabbit kidney preparation studied by Green and his co-workers (Green, 1949) , propionate was not oxidized and was demonstrated as an end product of the oxidation of odd-numbered fatty acids. Bornstein and Barker (1948) showed that the synthesis of odd-numbered fatty acids resulted when propionate was incorporated in media for Clostridium kluyveri.
We cannot discuss here the mechanisms involved in the oxidation of acetate, but some consideration of the evidence regarding the oxidation of propionate is in order. Two facts were believed significant. The first was the apparent similarity between the extent of oxidation of propionate, lactate, and pyruvate and the difference between these and the extent of oxidation of other compounds studied. This indicated (see Clifton, 1947) a similarity in the mechanisms of oxidation of propionate, lactate, and pyruvate that could be most logically explained by assuming that propionate was oxidized to lactate. This seemed to be the case also in rabbit liver (Green, 1949) .
The second fact believed significant was the apparent stimulation of the rate of propionate oxidation by small quantities of acetate. Materials found in the oxidation of longer chain odd-numbered fatty acids and materials responsible for endogenous activity also seemed to increase the rate of propionate oxidation. Further work is planned on this particular observation since it may be of importance to the problem of mechanisms for complete oxidation of substrates by N. catarrhalis.
SUMMARY
Neisseria catarrhalis has been shown capable of rapidly oxidizing members of the straight-chain saturated fatty acid series from acetate through laurate, with the exception of the 9-and 11-carbon fatty acids that were not tested. Propionate was oxidized at a significantly lower rate and formate was not oxidized. The similarity in rate and extent of oxidation of the even-numbered fatty acids indicated a similarity in the mechanisms involved in their oxidation.
The latter portions of the oxidation curves for the odd-numbered carbon fatty acids, valerate and heptoate, resembled the curves for propionate. This was interpreted as evidence for the production of propionate during the oxidation of these acids.
Crotonate was oxidized much the same as butyrate and hence is a possible intermediate in the oxidation of butyrate.
These results led to the probable conclusion that N. catarrhalis oxidizes fatty acids in accord with the theory of ,3-oxidation. 
